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Since  1959  Defense  Research  Laboratory  has  been  engaged  In  the  develop- 
ment of  a means  of  predicting  farfield  transducer  characteristics  from 
measurements  made  In  the  nearfleld  (at  ranges  small  compared  to  the  trans- 
ducer dimensions) Significant  progress  has  been  made  In  this  direction. 
Some  recent,  successful  measurements  were  made  in  a highly  reflective  t-anV 
by  measuring  near  the  leading  edge  of  the  received  pulses;  i.e.,  before 
reflections  from  the  tank  walls  could  cause  interference.  I^is  tank  was 
2.9  times  the  size  of  the  transducer  in  diameter. 

For  transducers  below  5 kc,  ne8o:*field  measurements  will  be  made  in  t.Aniri» 
that  may  be  too  small  for  the  leading-edge  pulse  technique.  Under  these 
circumstances,  the  absorptive  properties  of  the  tanks  will  need  to  be  deter- 
mined; echo  reduction  in  the  tanks  will  become  necessiury.  This  memorandum 
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The  recent ’trend  in  antisubmarine  warfare  (ASW)  sonar  toward  larger 
transducers  which  operate  below  5 kc  has  created  a calibration  problem.  For 
more  than  20  years  ASW  transducer  directivity  patterns  and  source  levels  have 
been  measured  by  the  use  of  pulse  techniques  in  tanks  of  moderate  dimensions 
15  ft  X 15  ft  X 15  ft).  These  tank  measurements  (at  frequencies  above 
10  kc)  were  actually  mside  in  the  farfield  or  the  Fraunhofer  region  of  the 
transducer.  These  existing  tanks  are  not  large  enough  to  allow  farfield 
measurements  to  be  made  in  them  with  modem  ASW  transducers 
will  hdrdly  fit  into  the  tanks. 


some  of  idilch 


■D.  D.  Baker,  "The  Determination  of  Farfield  Characteristics  of  Large 
Frequency  Transducers  from  Nearfleld  Measurements, " Defense  Research 
Laboratory  Acoustical  Report  No.  I96,  I5  March  19fe,  c 
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presents  a preliminary  outline  of  a method  of  detemlnlng  tank  absorptive 

properties  and  «of  a related  method  of  determining  the  power  output  of  a 

transducer  In  a tank.  These  are  called  "reverberation  measurements"  because 

both  Involve  measuring  the  reverberation  In  the  tank.  Ibese  methods  are  not 

yet  recoamended  as  practical  approaches  to  the  problems  but  are  presented  for 

the  benefit  of  those  desiring  to  make  such  measTirements.  It  Is  hoped  that 

the  methods  will  prove  to  be  practical  after  more  research  and  will  serve  to 

siQqplement  BElL's  method  of  predicting  farfleld  directivity  patterns  and 

source  levels.  The  methods  presented  have  been  used  In  work  done  at  Stanford 
2 

Reseco^h  Institute  and  In  smaller  amounts  of  work  done  at  other  establish- 
ments. The  few  data  on  tank  properties  that  have  been  obtained  by  these 
methods  are  presented. 

It  should  be  enq^haslzed  that  the  methods  presented  do  not  represent 
established,  practical  ways  In  which  to  make  the  desired  measurements,  but 
only  ways  that  appear  to  be  feasible. 

TEBORETICM.  BACKGROUND 

In  the  outlined  methods  of  determining  tank  absorption  cmd  transducer 
power  output,  the  theory  has  been  taken  from  air  acoustics  The  measure- 

ment of  tank  properties  closely  follows  measiirement  of  room  properties  In 
architectural  acoustics.  The  measurement  of  tremsducer  power  output  closely 
follows  measurement  of  lotidspeaker  power  output  In  air. 


Salmon,  eV^,  "Prediction  of  Par  Field  Performance  of  Sonar  Projectors 
from  Near  Field  Measurements,"  Final  Report,  Stanford  Reseeurch  Institute 
Project  No.  SU-3077#  November  196I. 

^L.  L.  Beranek,  Acoustic  Measurements  (John  Wiley  and  Sons,  New  York,  19^9) 
Ch.  7. 

4 

L.  £.  Klnsler  and  A.  R.  Frey,  Fundamenteds  of  Acoustics  (John  Wiley  and 
Sons,  New  York,  1950)  pp.  398-^3 • 

^C.  M.  Harris  (Editor),  Handbook  of  Noise  Control  (McGraw-Hill,  New  York, 

1957),  Ch.  17. 
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In  air  the  speakers  and  microphones  have  dimensions  that  are  small  com- 
pared to  the  vavelength  This  meems  that  they  are  not  appreciable  absorbers 
and  that  the  speaker  is  not  highly  directional.  This  is  one  Justification 
for  the  assunqptlon  of  uniform  average  energy  density  In  the  room.  Throughout 
the  theory,  uniform  average  energy  density  Is  assvmed  and  absorption  by  the 
transducers  Is  neglected.  In  air  either  a warbled  tone  or  a band  of  noise  Is 
used  to  drive  the  speaker  In  order  to  reduce  standing  waves  In  the  room.  In 
some  Instances  rotating  diffusers  are  eilso  employed  to  reduce  the  standlxig 
waves.  Because  In  practice  the  standing  waves  cemnot  be  eliminated,  uniform 
average  energy  density  cannot  be  realized.  This  necessitates  making  measure- 
ments at  several  locations  In  the  room  and  averaging  results.  Fewer  measure- 
ments are  Involved  If  the  locations  are  carefrally  chosen  according  to  certain 
en^irical  criteria. 


The  underwater  application  for  the  measurement  of  tank  absorption  can  be 
made  to  fit  the  theory  fairly  well.  Small  transducers  can  be  used  with 
warbled  frequencies  or  bands  of  noise.  Careful  transducer  positioning  then 
gives  a situation  similar  to  that  found  In  room  measurements.  Measurements 
may  be  made  at  several  locations  and  averaged  to  get  good  results.  The 
method  presented  for  these  measurements  has  been  used  successfully  In  several 
cases. 

In  the  power  output  measurement  of  a transducer,  however.  It  is  not 
always  possible  to  achieve  the  situation  found  In  room  measiurements . If  one 
could  choose  a small  transducer  to  be  measured  over  a noise  band,  there 
would  be  no  great  problems.  In  the  case  of  an  ASW  transducer  there  are 
serlotiB  problaas.  ^ese  transducers  are  large  enough  to  be  appreciable 
absorbers  and  directional  enough  to  give  nonuniform  average  energy  density. 
Furthermore,  these  transducers  are  designed  for  single  frequency  operation 
and  must  be  measured  In  that  way.  This  creates  a standing  wave  problem 
which  cannot  be  remedied  by  the  use  of  diffusers  since  the  use  of  these  Is 
Iq^sslble  In  mter.  The  method  presented  for  transducer  output  measure- 
ment has  been  applied  successfully  at  SRI  to  a small  transducer  ox>erated  at 
a warbled  frequency.  In  this  test  measurements  were  made  at  many  points  In 
order  to  get  good  averaging.  This  method  as  presented  may  not  be  adequate 
for  use  with  single-frequency  transducers.  More  work  needs  to  be  done  In 
this  area. 


SUGGESTED  MBASUREMBIT  TECHEEiUES 
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Measurement  of  Abaorptlon  In  a Tank 


Uie  actual  quantity  measured  Is  D,  the  rate  of  reverberation  decay  In  the 
tank.  Several  absorption  parameters  can  be  calculated  from  D.  nie  method  for 
detexmlnlng  the  absorption  of  a bare  tank  will  be  presented  first,  followed  by 
the  method  for  detexmlnlng  the  absorption  of  absorbent  material  suspended  In  a 

tank. 


Bare  Tank  Absorption 

The  projector  placed  In  the  tank  should  be  as  nearly  a point  source  as 
possible.  It  should  be  driven  by  a band  of  noise  or  a warbled  frequency.  It 
should  be  placed  away  from  the  boundaries,  of  the  water  volume  by  at  least  Its 
major  linear  dimension  and  should  not  be  placed  at  the  center  or  on  any  aucls 
of  synaetry  of  the  tank.  The  distances  from  the  projector  to  all  reflecting 
surfaces  should  be  both  unequal  and  Incoimensurable. 

The  hydroidibne  should  also  be  nearly  a point  source  and  should  be  placed 
away  fnm  the  projector  by  at  least  the  major  linear  dimension  of  the  projector. 
It  should  also  be  placed  at  least  x/k  from  the  boundaries  of  the  water  and  at 
least  \/2  from  edges  of  the  water  volume. 

\ 

The  projector  should  be  driven  either  by  a continuous  signal  that  can 
be  cleanly  cut  off  at  a certain  time  or  by  a pulsed  signal  of  sufficient 
pulselength  that  reverberation  In  the  tank  ceases  to  build  up  before  that 
pulse  ends.  Either  of  these  modes  of  operation  means  that  steady- state 
reverberation  Is  achieved  In  the  tank.  The  signal  from  the  hydrophone  is 
applied  to  a logarithmic  aaqpllfler  the  output  of  which  Is  applied  either  to 
cm  oscilloscope  or  to  a high-speed  strip-chart  recorder.  The  signal  to  the 
projector  Is  cdt  off.  After  the  transmission  time  to  the  hydrophone  elapses, 
the  level  out  of  the  hydrophone  drops  very  quickly  to  the  level  of  pure 
reverberation  in  the  taxik.  This  reverberation  ionedlately  starts  to  decay. 

This  decay  curve  should  be  recorded  from  the  oscilloscope  with  a camera  or 
on  the  strip-chart  recorder.  If  a strip-chart  recorder  Is  used.  It  should 
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be  ascertained  that  It  is  sufficiently  fast  since  the  rates  of  decay  can  be 
as  high  as  about  1000  db/sec.  These  records  should  show  at  least  kO  db  of 
decay. 

At  lecuBt  five  of  these  decay  curves  should  be  recorded  at  each  of  about 
10  hydrophone  positions.  Since  the  theoretical  ireverberatlon  decay  should  be 
exponential,  these  logeurlthmlc  records  should  follow  a straight  line.  If  the 
decay  curves  measured  either  have  short  tern  fluctuations  or  are  gently  curving 
In  shape,  a straight  line  should  be  fitted  to  them.  If  the  curves  appear  to 
consist  of  two  ^;straight  line  segments  of  different  slope,  they  should  be  re- 
jected. The  slopes  of  the  acceptable  decay  curves  should  be  measured  and 
averaged  logarithmically.^  This  procedure  gives  an  average  vEilue  of  D In 
db/ sec . 

Using  the  measured  value  of  D,  one  may  cooqpute  the  average  abso]i>tlon 
coefficient  a (the  fraction  of  Incident  energy  absorbed  for  random  Incidence) 
with  the  fomula. 


a » 1 - e:q?(-DV/l.085Sc) 

V a the  volume  of  water  in  the  tank, 

S the  area  of  the  boundaries  of  the  water  volume  with  the 


vdiere 


air-water  surface  excepted,  and 
c a the  speed  of  sound  In  water. 

The  tank  constant  R may  be  computed  with  the  fomula 

R - S ^(1-5)  . 

The  reverberation  time  of  the  tank  Tg^  Is  defined  by 

T^  - 60/d  . 


Ibid. 


k 


Die  echo-  reduction  for  normal  Incidence  (in  db)  Is  given  by 
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ER  = 10  logT^[l/(l-a)]  i 


the  total  absorbing  power  A (Sabins)  Is  given  by 


A a S QC 


Absorption  of  Material  Placed  In  the  Tank 


To  detezmine  the  absorption  due  to  absorbent,  material  placed  In  a tank, 
one  must  first  determine  -Qie  absolution  due  to  the  bare  tank  as  discussed 
previously.  The  average  value  of  decay  rate  Is  measured  and  called 
(instead  of  D as  before).  The  absorbent  material  is  suspended  In  the  tank 
but  Is  not  Edloved  to  touch  the  walls.  This  restriction  stems  from  the  feust 
that  the  assumption  Is  made  that  the  temk  absorption  remains  constant  and  the 
absorption  of  tbe  material  Is  added.  With  the  absorbers  In  the  water  the 
entire  procedure  for  measuring  decay  rate  Is  repeated  in  order  to  get  a vsiue 
Dg  for  the  tank  plus  absorbers.  The  average  absorption  coefficient  of  the 
suspended  material  Is  given  by 

a = (Dg-D^)  V/1.085  (6) 

where  S_  Is  the  area  of  the  absorbent  material  In  the  tank. 

Measurement  of  Transducer  Power  Output  In  a Tank 


Two  methods  are  presented  for  the  detemlnatlon  of  the  power  output  of 
a transducer  IzTa  tank.  The  transducer  to  be  measured  Is  used  as  the  pro- 
jector. It  should  be  placed  according  to  the  previous  suggestions  for  pro- 
jector pleu:ement  In  tank  absorption  measurements.  Since  this  projector  may 
well  be  directional,  the  main  lobe  of  the  beam  should  not  be  pointed  at  the 
nearest  boundai^  of  the  water  volume  and  should  be  slightly  Inclined  with 
respect  to  horizontal  If  possible.  Ideally  the  projector  should  be  driven 
by  a warbled  frequency  or  band  of  noise.  Tlte  hydrophone  should  be  posi- 
tioned M done  In  tank  absorption  measiurements . 
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figures,  lliere  have  been  reports  Issued  on  seme  of  the  aeasuresents  siamarlzed 

in  Urtae 

It  aay  be  seen  fnm  the  table  that  the  steel  tanks  and  the  glass  ♦■"k 
absorb  only  a few  percent  of  the  incident  energy  In  the  vicinity  of  5 kc  vhlle 
the  concrete  tanks  absorb  about  20  percent.  The  NADC  wooden  tank  absorbed 
about  JtO  percent  in  the  same  frequency  range.  VIhlle  these  values  are  far  fnm 
definite,  the  consistency  of  the  data  for  the  types  of  t-anim  is  good. 

As  mentioned  prevlotisly,  trsuisducer  power  output  measurements  have  been 
made  on  a transducer  at  SRI.^®  The  power  detezmlned  in  this  way  agreed  with 
the  known  value  to  within  1 db. 

I SUMIARY 

L 

'Hethods  of  measuring  tank  absorption  and  transducer  power  output  are  pres^ 
ented  as  guide ‘lines  for  persons  interested  in  making  such  measurements.  The 
methods  are  not  established,  practical  ones,  but  are  tentative.  Ihe  method 
for  measuring  absorption  has  been  tried  successfully  by  several  persons.  The 
method  of  power  ou'^ut  measurement  has  been  tried  once  and  was  successful. 
However,  the  transducer  was  not  one  of  the  large  ASW  tremsducers  for  idilch 
this  measurement  may  be  important. 

Die  few  data  available  on  tank  absoiptlon  show  that  wooden  tanks  absorb 
nearly  one-half  the  Incident  energy  at  about  5 kc.  Concrete  tanks  absorb 
about  20  percent,  and  steel  ones  absorb  less  than  10  percent, 

. \ 

•= 
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